Molecular phylogeographic approaches can provide potent tests of historical biogeographic hypotheses, such as the infl uence of historical barriers to gene fl ow on evolutionary diversification. The tropical rainforests of northeastern Australia harbor a diverse fl ora rich in basal angiosperm lineages that has long been thought to have been assembled principally through ecological fi ltering of relict Gondwanan stock and exchange of lineages with Malesia and Southeast Asia (e.g., Webb and Tracey, 1981 ; Crayn et al., 2015 ) . However, the role of in situ diversifi cation in this old biome may be underappreciated. Within this biome, a congruent genetic discontinuity has been found in various fauna groups (e.g., Schneider et al., 1998 ) and tree species ( Rossetto et al., 2009 ) across the biogeographic barrier known as the Black Mountain Corridor (BMC), located between Cairns and Cape Tribulation. To better understand the processes that gave rise to this pattern, and the signifi cance of in situ diversifi cation to the origins and maintenance of tropical rainforest diversity, we aim to determine the phylogeographic structure of a codistributed epiphytic orchid. These orchids release tiny, wind-borne seeds high in the air column, where they can be picked up by wind currents and potentially transported great distances.
Dendrobium calamiforme Lodd. ex Lindl., commonly known as the pencil orchid in reference to the long, terete leaves, had been renamed Dockrillia calamiformis (Lodd. ex Lindl.) M. A. Clem. & D. L. Jones ( Clements and Jones, 1996 ) ; however, this was rejected by Adams (2011) . This orchid is indigenous to coastal tropical Queensland, Australia, ranging from Badu Island in the Torres Strait to Mount Elliott near Townsville, with nearly continuous distribution in its habitat across its range. It is a canopy and subcanopy epiphyte that grows in vine forest, swamp forest, beach forest, and riparian forest but is uncommon in ever-wet closed canopy rainforest. Although it can occur on large boulders, populations reach their highest density in large mature trees and can be locally abundant. Individuals become reproductive within fi ve years and can live for several decades. Dendrobium calamiforme fl owers in the dry season (July to September) and, while the pollination syndrome has not been verifi ed, Hymenoptera, Coleoptera, and birds have been observed visiting fl owering plants.
The development of highly polymorphic microsatellite markers will allow insights into the levels and partitioning of neutral genetic variation in this common epiphytic orchid. With these markers, patterns of seed dispersal, colonization, and genetic connectivity across the BMC will be investigated. forme . Polymorphism and genetic diversity were assessed in 24 individuals from fi ve populations separated by a maximum distance of ~80 km. All loci were polymorphic with two to 14 alleles per locus, expected heterozygosity ranging from 0.486 to 0.902, and probability of identity values ranging from 0.018 to 0.380.
• Conclusions: These novel markers will serve as valuable tools for investigation of levels of genetic diversity as well as patterns of gene fl ow, genetic structure, and phylogeographic history.
structure among populations straddling the BMC; however, biogeographic disjunctions have been found in Costa Rican epiphytic orchids ( Trapnell and Hamrick, 2004 ; Kartzinel et al., 2013 ; Trapnell et al., unpublished) that appear to be maintained by cryptic processes.
METHODS AND RESULTS
Total DNA was extracted from one individual of D. calamiforme , following the cetyltrimethylammonium bromide (CTAB) protocol of Doyle and Doyle (1990) . After shearing 1 μ g of genomic DNA with a Covaris S220 Focusedultrasonicator (Covaris, Woburn, Massachusetts, USA), a paired-end shotgun library was prepared with the Illumina TruSeq DNA Library Kit (Illumina, San Diego, California, USA). During library preparation, a multiplex identifi ed adapter was incorporated as multiple species were run together on an Illumina MiSeq using 100-bp paired-end reads. The program PAL_FINDER_v0.02.03 ( Castoe et al., 2012 ) was used to examine 5 million reads and identify those containing microsatellite repeats; positive reads were targeted for primer design using Primer3 (version 2.0.0; Rozen and Skaletsky, 1999 ) . The frequency of designed primer sequences in all reads was assessed by the software, and only primers whose sequences occurred ≤ 2 times were selected to avoid duplicated loci. Forty-eight loci of the 5412 that met this criterion were chosen. To use a three-primer PCR with one universally labeled primer (CAG tag 5 ′ -CAGTC-GGGCGTCATCA-3 ′ ), one primer from each pair was modifi ed at the 5 ′ end with the addition of the CAG tag sequence and the 5 ′ end of the second primer from each pair was modifi ed with the addition of GTTT.
The selected 48 primer pairs were tested for clean amplifi cation and polymorphism across four individuals. The PCR amplifi cations were performed in a 12.5-μ L volume ( Technologies) . For all loci, a touchdown thermal cycling program ( Don et al., 1991 ) was used that had a 10 ° C span of annealing temperatures ranging between 65-55 ° C (TD65). The cycling profi le consisted of an initial denaturation step of 5 min at 95 ° C followed by 20 cycles of 95 ° C for 30 s, highest annealing temperature (decreased 0.5 ° C per cycle) for 30 s, and 72 ° C for 30 s; and 20 cycles of 95 ° C for 30 s, lowest annealing temperature for 30 s, and 72 ° C for 30 s; and a fi nal extension at 72 ° C for 5 min. After amplifi cation, all PCR products were genotyped by running on an ABI-3130xl sequencer (Life Technologies) and using a size standard prepared according to DeWoody et al. (2004) , with the exception that primers that were not fl uorescently labeled had GTTT added to their 5 ′ ends. Results of fragment analysis were analyzed using GeneMapper version 3.7 (Life Technologies). Of the 48 loci tested, 19 yielded high-quality polymorphic PCR products and were characterized by trinucleotide (12 loci) Bruce Hwy. at Mulgrave River ( n = 4) Barron River ( n = 4) Centenary Lakes ( n = 6) Note : A = number of alleles identifi ed; H e = expected heterozygosity; H o = observed heterozygosity; n = number of individuals genotyped; P ID = probability of identity.
a See Appendix 1 for locality and voucher information. † Indicates signifi cant deviations from Hardy-Weinberg expectations for all 24 samples after Bonferroni corrections.
and tetranucleotide (7 loci) repeat motifs ( Table 1 ) . The remaining 29 loci did not amplify well and therefore were not used.
We assessed the variability of these 19 loci in 24 specimens of D. calamiforme collected from fi ve sites, spanning a distance of 79.7 km (Appendix 1). Vouchers from each site were deposited at the Australian Tropical Herbarium (CNS) (Appendix 1). Each site consisted of a small number of D. calamiforme individuals in each of two to fi ve host trees. We used GenAlEx version 6.4 ( Peakall and Smouse, 2006 ) to estimate the number of alleles per locus ( A ), observed heterozygosity ( H o ), expected heterozygosity ( H e ), and the probability of identity ( P ID ). To test for deviations from Hardy-Weinberg equilibrium (HWE) and for linkage disequilibrium, GENEPOP version 4.0 ( Rousset, 2008 ) was used.
These 19 Table 2 ) . After Bonferroni correction for multiple comparisons, 14 loci showed signifi cant deviation from expectations under HWE ( Table 2 ) . Linkage disequilibrium was detected for 61 of the 171 paired loci comparisons, which is not surprising considering that our samples came from multiple small populations.
CONCLUSIONS
The 19 novel microsatellites developed for D. calamiforme revealed high levels of polymorphism and genetic diversity and thus should prove valuable for elucidating levels and patterns of genetic variation in future population genetic and phylogeographic investigations of this species in northeastern Australia. These highly variable markers may also be useful for discerning species boundaries among D. calamiforme and the putative taxa D. baseyanum St. Cloud and D. × foederatum St. Cloud, which have in the past been recognized as occurring in the Cairns area of northeastern Australia ( Field and Zich, 2012 ) .
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